Abstract. IEEE 802.11 based wireless local area network (WLAN) has been in great growth and multimedia applications such as VoIP which requires high bandwidth, low latency and low packet loss are in great use. These applications require a delay of less than 150 msecs and packet loss less than 3%. However, the latency in traditional IEEE 802.11 based WLAN is usually more than 200 MS and the packet loss exceeds 10%. Thus, it is required to solve the handoff problem in the WLAN to satisfy people' demand for multimedia applications. In this paper, we have a brief introduction to the handoff process. We have analyzed the existing mechanisms for handoff and compare these ways for their advantages and disadvantages. We propose some new ways to modify the existing handoff schemes. Thus, fast handoff scheme will make the time sensitive multimedia applications becoming more widespread.
Introduction
The deployment of IEEE 802.11 based WLAN has been in growth in the recent years, as it is easy to use, cheap and it allows for access to the network at anytime and anywhere. Wi-Fi hot pots are not only deployed in personal homes but also in public places such as cafe, airports, stations, shopping mall and so on. Smart 802.11 devices are becoming more widespread. As the popularity of applications for smart 802.11devices has emerged which require better services and mobility support. However, the traditional WLANs have poor performance in seamless handoff.
In this paper, we study the existing handoff scheme and propose some ways to improve the handoff scheme. The rest of the paper is organized as follows. Section 2 gives details about the handoff process and the mechanism used in the handoff process. Sections 3 analyze the existing handoff schemes and compare these schemes. Section 4 makes improvements for the existing schemes. A conclusion is drawn in Section 5.
Handoff Research
In 802.11 networks, there are some different types of handoff depending on diverse network environments. The most traditional 802.11 handoff process is as follows. Signal-to-Noise Ratio (SNR) is the basic parameter for a moving station which prepares to perform handoff. When the SNR drops below a specific threshold, called Cell Search Threshold, the mobile node starts the handoff process. During this process, the mobile node searches for new Access Points and if the difference between the SNR of the old AP and one possible new AP has passed a threshold, called Delta SNR, the station initiates the actual handover [1] . The process is showed in Figure 1 . 
Wi-Fi Scanning Phase
During the active scanning, a MN attempts to find the network by transmitting Probe frames. The station moves to the first channel and waits for the Probe Delay Timer to expire. If an incoming frame is detected, the channel is in use and will be probed. The timer prevents an empty channel from blocking the entire procedure. Afterwards, the station gains access to the channel using the Distributed Coordination Function. It transmits a broadcast Probe Request frame, starts a timer called Min Channel Time and processes all incoming Probe Response frames. If the medium is not busy during Min Channel Time, the station scans the next channel. If the channel gets busy, the Min Channel Time is canceled and the station waits for Probe Response frames until the maximum time, Each Access Point receiving the Probe Request frame has to respond with a Probe Response frame. Active scanning is the fastest and most commonly implemented mechanism.
As explained in [2] and [3] , the scanning phase takes about 90% of the handoff latency. The ITU (International Telecommunication Union) specify that this delay should be less than 50ms [4] . However, prior studies have shown that the handoff delay far exceeds this target [5] [6] .
Related Work
Many related work of the 802.11 scanning process concerns the optimization of the scanning latency during a Layer 2 handoff. One simple way to reduce the full scanning latency is to use Selective Scanning [6] which allows to only scan a subset of channels, instead of scanning each of them. But this strategy depend on the subset seriously, we should know which channel is in use precisely in advance, which is not practical in many cases. Velayos and Karlsson [5] recommend both Min Channel Time and Max Channel Time, based on theoretical considerations and simulation results. However, fixed timers may work effectively in some scenarios, this may strongly constrain applications scenarios, for example, the fixed Max Channel Time may bring in unnecessary delays when there are few active APs, and in a competitive environment the scanning process may fail to find any candidate AP. Instead of defining a static fixed timers algorithm which only fits some AP deployment configurations, [6] proposed different strategies for setting timers. [7] The Existing Handoff Schemes
In the traditional handoff, when the Received Signal Strength Indicator (RSSI) is below a certain low value, the station (STA) cannot communicate with the AP and cannot transfer data with the AP, the STA begin to scan the AP that can be connected to. However, in the handoff process, the STA cannot connect with the network and the user experience maybe very bad. To improve the performance, we introduce the pre-scanning scheme [8] . In this section we will briefly describe the selected channel scanning scheme. Using this scheme, only some of the channel will be scanned. In this scheme, a background scanning is proposed to replace the sleep mode in the WLAN. In the traditional WLAN, the STA periodically goes into the sleep mode for saving power during a fixed duration. In the background scanning phase, the STA begins to find the potential AP in the neighbor by actively scans the channels. The probe response of the AP is collected. The information such as the RSSI, working channel is stored. After scanning one channel or it reach the maximum dwell time, the STA goes back to its original working channel and waits to receive data packets. In this case, a server is introduced, which is designed to keep the neighbor list of each AP in the neighbor. In this scheme, when STA1 move from the AP1 to AP2, if the RSSI is below the handoff threshold the STA1 begins to scan only the selected channels and only scan channel 1 and channel 6, which will time-saving and can reduce the handoff latency.
SDN Based Handoff
In this scheme, a light virtual access point (LVAP) is proposed. When the STA is connected with the AP, the STA is allocated with one LVAP. The LVAP is virtually separated from the physical AP. For the WLAN, every STA is connected to one AP. When the STA moves from the coverage of one AP to the other one, the AP remove the information of the connected LVAP to the other AP. This process will not trigger the re-association phase. The handoff process is all handled by the software without modifying the hardware.
The proposed can make the handoff process simpler. Using the SDN based handoff scheme, in the physical layer, the STAs are connected with only one physical AP, however, in the logic and each AP is connected to a logical isolated AP, connected to the different ports of the AP. This scheme can make it possible for the time-sensitive applications. In this scheme, the handoff latency is less than 20ms. (See figure 3) Before handover After handover 
Analysis of the Existing Handoff Scheme
In this section, we will analyze the advantages and disadvantages of the existing handoff schemes and we will propose our method to improve the existing handoff scheme. The existing schemes can be classified into two kinds: reducing the time of the scanning channel phase and SDN based handoff scheme. The first two schemes mentioned above reducing the channel scanning time to reduce the handoff latency and the third scheme mentioned above reduce the handoff latency by the software defined network(SDN) method. The two ways are quite different. We will further analyze the two handoff schemes.
Reducing the Channel Scanning Phase
In this scheme, before the handoff threshold, the channel scanning is completed and a proper AP is selected. The handoff decision is made by the STA. The key to the selected channel scanning scheme is to maintain the neighbor list APs. In this scheme, all the AP are physically connected to one controller. The neighbor list APs are stored in the neighbor list saner. In this scheme, if the current connected AP has two neighbor APs and their working channel are channel 1 and channel 6, the STA only need to scan channel 1 and channel 6. This method can surely reduce the scanning channel phase, but the scanning time is not zero. However, the neighbor needs to be manually configured to the server, which needs to be improved.
Analysis of SDN Based Scheme
The software defined network (SDN) scheme can reduce the handoff to less than 10ms. In this scheme, it does not require any modification to the hardware. The scheme introduces programmability into the WLAN. All the handoff process is handled use the software. In this scheme, all the APs are connected to one controller. The software is running in the controller to control the handoff process. The handoff decisions are made by the controller and the controller migrate the LVAP information from one AP to another. However, this method has its disadvantages. In this scheme, all the handoff process is handled by the controller, if the controller does not work, it may have a lot of problems. Besides, the SDN method has not been widely used, so maintain of the controller maybe difficult.
Conclusion
In this paper, we have described the 802.11 WLAN handoff schemes in detail. The main method to reduce the handoff latency is by reducing the scanning channel phase. This way can reduce the handoff latency by more than 90 percent. This handoff schemes are all layer 2 handoff. We analyze the advantages and disadvantages of the existing handoff process and propose some way to improve the existing methods.
